X-ray absorption near-edge structure ͑XANES͒ and scanning photoelectron microscopy ͑SPEM͒ measurements have been performed for Zn 1−x Co x O and Zn 1−x Mg x O to elucidate the effects of the doping of Co and Mg, which have very different electronegativities, on the electronic structures of ZnO nanorods. The intensities of O K-edge near-edge features in the XANES spectra of Zn 1−x Co x O and Zn 1−x Mg x O nanorods are found to be lower than those of ZnO, which suggests that both Co and Mg substitutions of the Zn ions enhance the effective charge on the O ion. The valence-band SPEM measurements show that Mg doping does not increase the density of near-Fermi-level states, which implies that Mg doping will not improve field emission of ZnO nanorods. It is surprising to find that both Co and Mg substitutions of Zn increase the numbers of O 2p dominated valence-band states, despite that Co and Mg have larger and smaller electronegativities than that of Zn.
II-VI semiconductor zinc oxide ͑ZnO͒, which can be tuned by doping with suitable doping elements, has been investigated extensively in recent years because of fundamental and technological importance. [1] [2] [3] [4] [5] Diluted magnetic semiconductors ͑DMSs͒ such as Zn 1−x Co x O have attracted much interest because it has great potential in future spintronics applications. 6, 7 Various studies have been conducted to resolve the controversy concerning the origin of ferromagnetism in DMSs. 8, 9 Chiou et al. investigated the electronic structure of highly oriented ZnO nanorods using x-ray absorption near-edge structure ͑XANES͒ and scanning photoelectron microscopy ͑SPEM͒ techniques. 10, 11 More recently, Chiou et al. suggested that the room-temperature ferromagnetism in Zn 1−x Co x O nanorods is strongly related to the transfer of electrons from deep defect states to valence-band Co 3d orbitals. 12 On the other hand, the Mg doped Zn 1−x Mg x O nanowires were found to show sensitivity of the band gap with the Mg content, which indicated that this material can be a key material for tunable electronic and optical nanodevices. 13 The microscopic chemical homogeneity of Zn 1−x Mg x O nanostructures was argued to determine the usefulness in their applications. 14 Yang et al. demonstrated the potential of ZnO for simple, low-cost applications and showed that the use of Zn 1−x Mg x O alloy reduces the residual n-type conductivity associated with defect donor states. 15 Both Co and Mg atoms have two valence s electrons; the difference between Co and Mg dopants is the magneticproperty-related extra valence d electrons in the Co ions.
Since Co has a larger electronegativity ͑1.88͒, 16 while Mg has a smaller electronegativity ͑1.31͒ than that of Zn ͑1.65͒, 16 it is interesting to know the differences in their influence on the electronic properties of ZnO nanorods.
O O nanorods has been performed using high-resolution transmission electron microscopy ͑HRTEM͒. The cross-sectional dark-field images of the nanorods indicate that Zn 1−x Co x O and Zn 1−x Mg x O nanorods have a single-phase structure. HRTEM analyses of the bottom, middle, and top regions of those nanorods show the absence of segregated clusters of impurity phase throughout the nanorods. Details of the preparation are presented elsewhere. 17, 18 The size distribution of the nanorods was examined using a scanning electron microscopy ͑SEM͒. The bright areas in the SPEM images correspond to the nanorods with the maximum Zn 3d intensity. The valence-band photoemission spectra presented in Fig. 4 shows the photoelectron yields from sidewall regions p, q, and r in respective nanorods. The zero energy refers to the valence-band maximum ͑VBM͒, which is the threshold of the emission spectrum and is also the Fermi level ͑E f ͒. The prominent feature at ϳ4.5 eV ͑feature B 2 ͒ in the spectra is dominated by the occupied O 2p states and that at ϳ7.3 eV ͑feature C 2 ͒ is associated with the O 2p and Zn 3d /4sp hybridized states of the ZnO nanorods. 10, 11 The figure shows that the intensities of these two features for Zn 1 O nanorods with a high DOS of Co 3d minority-spin states at/near E f . 22 Chiou et al. 12 suggested that ferromagnetism in Zn 1−x Co x O nanorods is related to the coupling between Co 3d moments and deep defect states near/below VBM or E f , which induces ferromagnetic spin-spin interactions between Co atoms. Note that the n-type deep defect states, such as oxygen vacancies, are readily present in naturally grown ZnO. 23 Defects have been argued to tend to form bound magnetic polarons that coupled with the Co 3d spin moments within its orbits, and the overlap of two similar magnetic polarons has been argued to cause spin-spin interactions between Co ions, 24 which stabilize ferromagnetic ordering in Zn 1−x Co x O nanorods. The present SPEM result shows that both Co and Mg dopings enhance the numbers of occupied states, despite that one has a larger and another has a smaller electronegativity than the substituted Zn. However, the Mg doping does not increase the density of near-VBM ͑or E f ͒ states, which contributes to the field emission of the highly aligned ZnO nanorods. Thus, as the field-emission application is concerned, Mg doping does not offer any merit to enhance the relevant density of near-VBM ͑or E F ͒ states in agreement with the results of direct measurements of field emissions for ZnMgO and ZnO nanowires by Lee et al. 25 
